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© Non-aqueous secondary cell. 



© A non-aqueous secondary ceil is provided which 
is repeatedly chargeable and dischargeable. This 
cell comprises, as main components thereof, a nega- 
tive electrode, a positive electrode, and a separator 
disposed between the positive electrode and nega- 
tive electrode and impregnated with an electrolyte. 
The negative electrode has lithium or a lithium alloy 
as the active material. The positive electrode has as 
the active material a manganese oxide expressed by 
,a chemical formula Lii. x Mn 2 0« wherein 1 fcXfc 0. 
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NON-AQUEOUS SECONDARY CELL 



Background of the Invention 

(1) Field of the Invention 

The present invention relates to a non-aqueous 
secondary cell in which lithium or lithium alloy is 
used as the active material for the negative .elec- 
trode., and particularly to an improvement in the 
positive electrode. 

(2) Description of the Prior Art 

Molybdenum trioxide, vanadium pentoxide. 
titanium and niobic sulfide have been proposed as 
the active material for the positive electrode of this 
type of secondary cell, but these substances have 
not been to practical use to date. 

For the positive electrode of the non-aqueous 
primary cell, on the other hand, manganese dioxide 
and carbon fluoride are known to be typical exam- 
ples k>f active material and are actually employed 
for the purpose. Manganese dioxide in particular 
has the advantages of being excellent in storage 
characteristics, abundant in the earth and inexpen- 
sive. 

As the crystal structure of manganese dioxide 
suited for the positive electrode. 7 -£ MnO, heat- 
treated at temperatures of 250-350°C has been 
proposed as in Japanese Patent Publication No. 
49-25571. This 7-^ MnQ 2t however, is unsatisfac- 
tory in reversibility and has the problem of lowering 
charge and discharge characteristics. The reason 
will be explained with reference to Figs. ta-1e of 
the accompanying drawings showing X-ray diffrac- 
tion patterns. 

Fig. 1a shows a diffraction pattern prior to 
charging and discharging. Figs. 1b and 1c show 
diffraction patterns at a 10th discharge and charge, 
respectively. Compared with the pattern of Fig. 1a, 
it will be seen that the patterns of Figs. 1b and 1c 
show the angles of diffraction shifting to a lower 
side and the peaks becoming less sharp also after 
charging. These trends are more conspicuous and 
the peaks are almost leveled out in the patterns at 
a 100th discharge and charge shown in Figs. 1d 
and le, respectively. It may be deduced from the 
above that a repetition of charges and discharges 
results in widening of the bond length between 
manganese and .oxygen and in loosening of the 
crystal structure of _ manganese dioxide. Conse- 
quently, the manganese dioxide has poor revers- 
ibility and charge and discharge characteristics. 
This applies also to 0-MnO 2 heat-treated at 
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temperatures of 350-430°C as disclosed in U S 
Patent 4,133,856. 

The active material for the positive electrode 
may comprise s-manganese dioxide having a 
laminar structure or a-manganese dioxide having a 
structure including larger channels than y -/S and £- 
manganese dioxides. This is considered to improve 
the reversibility of the non-aqueous secondary cell 
since the spaces are then increased for doping and 
undoping lithium ions. 

5-and a-manganese oxides contain potassium 
ions and ammonium ions in their structure. These 
ions elude into the electrolyte during the charging 
and discharging, thereby to greatly deteriorate the 
charge and discharge characteristics. 

Summary of the Invention ' ' 

The object of the present invention is to im- 
prove charge and discharge cycle characteristics of 
the non-aqueous secondary cell comprising a posi- 
tive electrode having manganese oxide as the ac- 
tive material. 

. The above object is achieved, according to the 
present invention, by a repeatedly chargable and 
dischargable non-aqueous secondary cell compris- , 
ing a negative electrode having lithium or a lithium 
alloy as an active material, a positive electrode 
having as an active material a manganese oxide 
expressed by a chemical formula U,. x Mn,0« 
wherein 1 2XS0, a separator disposed between the 
positive electrode and the negative electrode, and 
a non-aqueous electrolyte. 

An improvement in the charge and discharge 
cycle characteristics may also be effected where \ 
the manganese oxide is a spinel type manganese" ' 
oxide expressed by the chemical formula Li, 
. xMn 2 0* wherein X = 0. 

The manganese oxide may comprise X-man- 
ganese oxide expressed by the chemical formula 
Lii. x Mn,0« wherein X = 1 . 

Further, the manganese oxide may have a cry- 
stal structure intermediate between a spinel type 
manganese oxide, and X-manganese oxide, which 
is a lithium-containing manganese oxide expressed 
by the chemical formula Li,. x Mn 2 0* wherein 1>X>0. 

The spinel type manganese oxide noted above 
is prepared by mixing Mn 2 0, and Li,CO, and there- f 
after heat-treating a resulting mixture in the air. 

X-manganese oxide is prepared by immersing 
a spinel type manganese oxide in acid. g 

The manganese oxide having a crystal struc- 
ture intermediate between a spinel type manga- 
nese oxide and X-manganese oxide may be pre- 
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pared by one of the following processes: immers- 
ing the spinel type manganese oxide in acid; im- 
mersing 5-MnO, or a-MnO* in LiOH solution, there- 
after applying a microwave thereto until the LiOH 
solution evaporates, and heat-treating; and sub- 
stituting lithium ions for dissimilar cations contained 
in a crystal structure of 5-MnO, or a-MnO, and 
thereafter heat-treating the manganese dioxide. 
As noted above, the present invention employs, 

Cas the active material for the positive electrode, the 
spinel type or X-manganese oxide which has a 
three-dimensional channel structure and whose 
crystal structure is not easily collapsible and does 

''not contain potassium ions or the like, or the man- 
ganese oxide having a crystal structure intermedi- 
ate between these two types of manganese oxides. 
Through such measure the present invention pro- 
vides a great improvement in the cycle characteris- 
tics of this type of cell, and the improvement is 
believed to have immense utility in industry. 



Brief Description of the Drawings 

The above and other objects, advantages and 
features of the invention will become apparent from 
the following description thereof taken in conjunc- 
tion with the accompanying drawings, in which: - 

Figs, la-le are views showing X-ray diffrac- 
tion patterns where charges and discharges are 
\ repeated on a cell having a positive electrode 
"formed of 7-/8 MnO : , wherein Fig. 1a shows a 
diffraction pattern prior to charging and di- 
scharging, Figs. 1b and 1c show diffraction pat- 
terns at a 10th discharge and a subsequent charge, 
respectively, and Fgs. id and 1e show diffraction 
patterns at a 100th discharge and a subsequent 
charge, respectively, 

Fig. 2 is a half section of a cell according to 
the present invention, 

Figs. 3 through 6 are views showing X-ray 
diffraction patterns of various types of manganese 
oxide used as the active material for the positive 
electrode of the cell according to the present in- 
vention, 

Fig. 7 is a view showing cycle characteristics 
of cells, and 

Figs. 8a-8g are views showing X-ray diffrac- 
tion patterns where charges and discharges are 
repeated on a cell according to the present inven- 
tion employing a spinel type manganese oxide as 
the active material for the positive electrode, 
wherein Fig. 8a shows a diffraction pattern prior to 
charging and discharging, Figs. 8b and 8c show 
diffraction patterns at a 10th discharge and a sub- 
sequent charge, respectively, Figs. 8d and 8e show 
diffraction patterns at a 100th discharge and a 



subsequent charge, respectively, and Figs. 8f and 
8g show diffraction patterns at a 150th discharge 
and a subsequent charge, respectively. 

5 

Detailed Description of the Invention 
EXAMPLE 1 

10 A first example embodying the present inven- 
tion will be described hereinafter with reference to 
a flat type non-aqueous secondary cell as shown in 
Fig. 2. 

The illustrated cell comprises positive and neg- 

15 ative terminal cans 1 and 2 formed of stainless 
steel and separated from each other by an insulat- 
ing packing 3 formed of polypropylene. Number 4 
indicates a positive electrode constituting the gist 
of this invention, which is pressed upon a positive 

20 collector 5 secured to a bottom inside surface of 
the positive terminal can 1 . Number 6 indicates a 
negative electrode pressed upon a negative collec- 
tor 7 secured to a bottom inside surface of the 
negative terminal can 2. Number 8 indicates a 

25 separator comprising a porous membrane of poly- 
propylene. This cell employs an electrolyte com- 
prising lithium perchlorate dissolved in 1 M in an 
equal volume solvent mixture of propylene car- 
bonate and dimethoxyethane. 

30 The positive and negative electrodes are pre- 

pared as follows: 

100 grams of Mn,Q 3 and 23.4 grams o fJJ»CQ 
are first mixed in a Mn-Li molar ratio of 2:1, and 
then heat-treated in the air at 850 °C for six hours 

35 and at 850° C for fourteen hours. This heat treat- 
ment produces a spinal type manganese oxide 
(which is expressed by a chemical formula Lit. 
x Mn,0« wherein X = 0). Fig. 3 shows an X-ray dif- 
fraction pattern of this sample. This X-ray diffrac- 

40 tion pattern agrees with the LiMn,0* data on ASTM 
Card No. 35-782, which confirms that the product 
resulting from the above process is a spinel typ 
/manganese oxide. . The above heat treatment 
should preferably be carried out in an oxidizing 

46 atmosphere. 

Next, 90% by weight of this spinel type man- 
ganese oxide is mixed with 6% by weight of acety- 
lene black acting as conductive agent and 4% by 
weight of fluoric resin powder acting as binder to 

50 produce a blend for forming the positive electrode. 
This blend is molded under a pressure of 5 
tons/cm 2 into a shape having a 20mm diameter, 
and then heat-treated in a vacuum at 200 to 300°C, 
whereby the positive electrode is completed. This 

55 positive electrode has a theoretical capacity of 
50mAH. 

The negative electrode, on the other hand, is 
prepared by punching a piece 20mm in diameter 
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out of a lithium foil having a selected thickness. 
This negative electrode has a theoretical capacity 
of 200mAH. 

A cell 24.0mm in diameter and 3.0mm in 
height was formed by using the positive and nega- 
tive electrodes as prepared above, together with a 
separator, an electrolyte, etc. This cell embodying 
the present invention is hereinafter referred to as 
Cell A1. 



EXAMPLE 2 

30 grams of the spinel type manganese oxide 
prepared through the process in EXAMPLE 1 was 
immersed in 4N sulfuric acid for 170 hours, and 
was thereafter rinsed in 21 of pure water, whereby 
x-manganese oxide (which is expressed by the 
chemical formula Li,. x Mn,04 wherein X=1) was 
prepared. A cell was formed as in EXAMPLE 1 
except that the x-manganese oxide was used as 
the active material for the positive electrode. This 
cell embodying the present invention is hereinafter 
referred to as Cell A2. 

It was confirmed through an atomic absorption 
analysis that the above acid treatment had com- 
pletely removed the lithium contained in the spinel 
type manganese oxide. 

Fig. 4 shows an X-ray diffraction pattern of the 
above X-manganese oxide. This diffraction pattern 
is substantially the same as the diffraction pattern 
of the spinel type manganese oxide shown in Fig. 
3. The diffraction pattern of Fig. 4 differs from that 
of Fig. 3 only in that a contraction of the rattice 
caused the peaks to shift in the direction of higher 
angles compared with the case of the spinel type 
manganese oxide. This indicates that the X-man- 
ganese oxide retains the coordination between Mn 
and T 0 continuing from the spinel type. 



EXAMPLE 3 

The spinel type manganese oxide prepared 
through the process in EXAMPLE 1 was immersed 
in 0.5N sulfuric acid for 100 hours, whereby a 
manganese oxide having a crystal structure inter- 
mediate between the spinel type and x-manganese 
oxide (which is expressed by the chemical formula 
Lii. x Mn a O* wherein X = 0.5) was prepared. A cell 
was formed as in EXAMPLE 1 except that this 
manganese oxide having a crystal structure of the 
intermediat nature was used as the active material 
for the positive electrode. This cell embodying the 
present invention is hereinafter referred to as Cell 
A3.-. 

It was confirmed through the atomic absorption 
analysis that the above acid treatment had re- 



moved about half of the lithium contained in the 
spinel type manganese oxide. 

Fig. 5 shows an X-ray diffraction pattern of the 
manganese oxide having the intermediate crystal 

5 structure. This diffraction pattern is substantially the 
same as the diffraction pattern of the spinel type 
manganese oxide shown in Fig. 3. The diffraction 
pattern of Fig. 5 differs from that of Fig. 3 only in 
that a slight contraction of the rattice caused the 

io peaks to shift to positions between those of the 
spinel type manganese oxide and x-manganese 
oxide. This indicates that the manganese oxide 
having the crystal structure intermediate between 
the spinel type and X-manganese oxide also retains 

15 the coordination between Mn and O continuing 
from the spinel type. 

EXAMPLE 4 

20 

5-manganese oxide prepared by adding 1.51 ot 
2N hydrochloric acid to 500ml of 1 M potassium 
permanganate solution was immersed in 1M LiOH 
solution. Thereafter the product was exposed to a 

25 microwave of about 2.45GHz frequency until the 
LiOH solution evaporated. After repeating this pro- 
cess several times, the product was rinsed in pure 
water and then heat-treated in the air at tempera- 
tures of 200-450 °C for 20 hours, whereby a man- 

30 ganese oxide having a crystal structure intermedi- 
ate between the spinel type and x-manganese ox- 
ide (which is expressed by the chemical formula 
LiiocMnjO* wherein 1>X>0) was prepared. A cell 
was formed as in EXAMPLE 1 except that this 

35 manganese oxide having a crystal structure of the 
intermediate nature was used as the active material 
for the positive electrode. This cell embodying the 
present invention is hereinafter referred to as Cell 
A4. 

40 Fig. 6 shows an X-ray diffraction pattern of this 

manganese oxide having the intermediate crystal 
structure. This diffraction pattern is substantially the 
/ same as the diffraction pattern of the spinel type 
manganese oxide shown in Fig. 3. The diffraction 

45 pattern of Fig. 6 differs from that of Fig. 3 only in 
that, as in EXAMPLE 3, a slight contraction of the 
rattice caused the peaks to shift to positions be- 
tween those of the spinel type manganese oxide 
and x-manganese oxide. This indicates that lithium 

so is doped in the manganese oxide. 



COMPARATIVE EXAMPLE 1 

55 7 -£ manganese dioxide was prepared by heat 

treating l.C. No. 12 chemical manganese dioxide in 
the air at a temperature of 200-400 °C. And a cell 
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was formed as in EXAMPLE 1 except that this 
manganese dioxide was used as the active material 
for the positive electrode. This ceil is hereinafter 
referred to as Comparative Cell B1. 



COMPARATIVE EXAMPLE 2 

5-manganese dioxide was heat-treated in the 
air at a temperature of 200-400°C for 20 hours 
' without doping lithium. And a cell was formed as in 
^EXAMPLE 1 except that this 5-manganese dioxide 
: was used as the active material for the positive 
-.'electrode. This cell is hereinafter referred to as 
^Comparative Cell B2. 



COMPARATIVE EXAMPLE 3 

a-manganese dioxide obtained by adding po- 
tassium permangate and potassium nitrate to a 
manganese sulfate solution was heat-treated in the 
air at a temperature of 200-400°C without doping 
lithium. And a cell was formed as in EXAMPLE 1 
except that this a-manganese dioxide was used as 
the active material for the positive electrode. This 
cell is hereinafter referred to as Comparative Cell 
B3. 

Cycle characteristics of Cells A1-A4 according 
to the present invention and Comparative Cells B1- 
*.B3 were checked and the results are shown in Fig. 
: : 7. The testing conditions were such that the di- 
scharge was carried out in a current of 3mA for 
four hours, the charge in the current of 3mA, and 
the charge ending voltage was 4.0V. 

It will be seen from Fig. 7 that discharge end- 
ing voltages of Cells A1-A4 according to the 
present invention drop to 2.0V only after 130-150 
cycles of charge and discharge whereas Compara- 
tive Cell B1 has the discharge ending voltage drop- 
ping to 2.0V around the 100th cycle and Compara- 
tive Cells B2 and B3 have the discharge ending 
voltages dropping to 2.0V around the 30th cycle. 
This indicates that Cells A1-A4 according to the 
present invention are far superior in cycle char- 
acteristics to Comparative Cells B1-B3. 

The reason for the improvement in the cycle 
characteristics will be explained with reference to 
Figs. 8a-8g. 

Compared with the a diffraction pattern prior to 
charging and discharging shown in Fig. 8a, diffrac- 
tion patterns at a 10th charge shown in Figs. 8b 
and 8c indicate no weakening of the peaks and no 
shift of diffraction angles. This is true also of dif- 
fraction patterns at a 100th charge shown in Figs. 
8d and 8e and diffraction patterns at a 150th 
charge shown in Figs. 8f and 8g. This demon- 
strates that, where the spinel type or x-manganese 



oxide or a manganese oxide having a crystal struc- 
ture of the intermediate nature is used as the active 
material for the positive electrode of a non-aqueous 
secondary cell, there occurs no collapse of the 

s crystal structure with the charge and discharge 
cycles as encountered where y-Q or 5-manganese 
dioxide is used as the active material for the posi- 
tive electrode. Thus, the cells according to the 
present invention have improved reversibility and 

w charge and discharge characteristics. It is consid- 
ered that, while y •& and 0 -manganese dioxides 
have a one-dimensional channel structure, the 
spinel type and x-manganese oxides and the man- 
ganese oxide having a crystal structure of the 

15 intermediate nature have a three-dimensional chan- 
nel structure which facilitates smooth doping and 
undoping of lithium ions at times of charging and 
discharging. Besides, unlike 6-and a-manganese 
dioxides, the spinel type and x-manganese oxides 

20 and the manganese oxide having an intermediate 
crystal structure do not contain potassium ions or 
ammonium ions in their crystal structure, thereby 
to prevent deterioration of the charge and di- 
scharge characteristics. 

25 In EXAMPLE 3 the spinel type manganese 

oxide was immersed in 0.5N sulfuric acid for 100 
hours, to prepare the manganese oxide having a 
crystal structure intermediate between the spinel 
type and X-manganese oxide (which is expressed 

30 by the chemical formula Ui. x Mn a 04 wherein 
X = 0.5). By varying this acid treatment conditions, 
it is possible to prepare manganese oxides of the 
intermediate crystal structure containing lithium in 
various degrees of concentration (i.e. lithium-con- 

35 taining manganese oxides expressed by the chemi- 
cal formula Lii. x Mn a O« wherein 1>X>0). 

Further, the manganese oxide having the inter- 
mediate crystal structure may be prepared by oth- 
er methods, for example, by a method in which 

40 lithium ions are substituted for dissimilar cations 
contained in the crystal structure of 5 -MnO* or a- 
MnO» which is followed by a heat treatment. 

In the foregoing embodiments, lithium is used 
as the active material for the negative electrode. 

45 However, a lithium alloy may be employed instead 
of lithium. Such lithium alloys include lithium-alu- 
minum alloy, lithium-magnesium alloy and the like. 

In addition, the present invention is not limited 
to the secondary cell using the non-aqueous elec- 

50 trolyte. It will be apparent that the invention is 
applicable to a non-aqueous secondary ceil using a 
solid electrolyte, as well. 
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Claims 

1 . A repeatedly chargeable and dischargeable 
non-aqueous secondary cell comprising; 

a negative electrode having lithium or a lithium 5 
alloy as an active material, 

a positive electrode having as an active 
material a manganese oxide expressed by a 
chemical formula Li,. x Mn 2 0« wherein 1£X£ 0, 

a separator disposed between said positive w 
electrode and said negative electrode, and 
a non-aqueous electrolyte. 

2. A cell as claimed in claim 1 wherein said 
manganese oxide is a spinel type manganese ox- 
ide expressed by the chemical formula Lh.xM^O* 75 
wherein X = 0. 

3. A cell as claimed in claim 1 wherein said 
manganese oxide is X-manganese oxide expressed 
by the chemical formula Li,.xMn 2 0* wherein X= 1. 

4. A cell as claimed in claim 1 wherein said 20 
manganese oxide is a manganese oxide having a 
crystal structure intermediate between a spinel 
type manganese oxide and x-manganese oxide, 
which is a lithium-containing manganese oxide ex- 
pressed by the chemical formula Lh.xMnjO* 25 
wherein 1>X>0. 

5. A cell as claimed in claim 2 wherein said 
spinel type manganese oxide is prepared by mix- 
ing Mn 2 0 2 and Li 2 C0 3 and thereafter heat-treating a 
resulting mixture in the air. 30 

6. A cell as claimed in claim 3 wherein said X- 
manganese oxide is prepared by immersing a 
spinel type manganese oxide in acid. 

7. A cell as claimed in claim 4 wherein said 
manganese oxide having a crystal structure inter- 35 
mediate between a spinel type manganese oxide 

and x-manganese oxide is prepared by immersing 
said spinel type manganese oxide in acid. 

8. A cell as claimed in claim 7 wherein a 
lithium concentration in the manganese oxide is 40 
varied by changing acid treatment conditions. 

9. A cell as claimed in claim 4 wherein said 
manganese oxide- having a crystal structure inter- 
mediate between a spinel type manganese oxide 

and x-manganese oxide is prepared by immersing 45 
5-MnO a or a-Mn0 2 in LiOH solution, thereafter ap- 
plying a microwave thereto until said LiOH solution 
evaporates, and heat-treating. 

10. A cell as claimed in claim 4 wherein said 
manganese oxide having a crystal structure inter- 50 
mediate between a spinel type manganese oxide 

and X-manganese oxide is prepared by substituting 
lithium ions for dissimilar cations contained in a 
crystal structure of 5-Mn0 2 or a-Mn0 2 and there- 
after heat-treating the manganese dioxide. 55 



11. A cell as claimed in claim 1 wherein said 
negative electrode is formed of a material selected 
from the group consisting of pure lithium, lithium- 
aluminum alloy and lithium-magnesium alloy. 

12. A cell as claimed in claim 1 wherein said 
separator comprises a porous membrane t)f poly- 
propylene. 

13. A cell as claimed in claim 1 wherein said 
electrolyte comprises a liquid mixture formed by 
dissolving lithium perchlorate in a solvent mixture 
of propylene carbonate and dimethoxyethane. 

14. A cell as claimed in claim 1 wherein said 
positive electrode is pressed upon a positive col- 
lector secured to a bottom inside surface of a 
positive terminal can. 

15. A cell as claimed in claim 1 wherein said 
negative electrode is pressed upon a negative col- 
lector secured to a bottom inside surface of a 
negative terminal can. 
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